We investigate the extent and manner of stock market interdependence between Australia and its trading partners and examine whether this is affected by trade intensity. Based on trade intensity, we classify Australia's trading partners into major, medium and minor. We hypothesise that markets with greater (lower) trade intensity will be more (less) interdependent with Australia. We perform correlation (unconditional and conditional) analyses between Australia and its trading partners. Results indicate that most of the markets which are highly correlated with Australia are its major trading partners. We conduct panel regression analysis to investigate whether trade intensity has any impact on the stock market correlations between Australia and its trading partners. The results show that trade intensity significantly and positively affect the correlations of Australia with its major trading partners. Thus, the results confirm our hypothesis that trade intensity drives stock market interdependence between Australia and its trading partners.
Introduction
Over the last three decades, policy makers of both developed and developing nations have undertaken various measures to eradicate the barriers to the flow of resources across national boundaries. This has significantly contributed to the globalization of financial markets across the world. With increasing globalization, investors are more aware of global opportunities, and the accessibility of these markets has substantially increased. This provides considerable incentive for investors to look for international investment opportunities. Therefore, research into co-movements (or correlations) between equity markets is very important for portfolio managers who wish to diversify their portfolios into other markets for higher risk-adjusted returns. An understanding of the degree of stock market interdependence is also very important to enable policy makers to formulate appropriate policies to determine the flow of resources between national boundaries.
Recently, researchers have begun to explore what economic fundamentals determine stock market interdependence. There are limited numbers of studies on the issue to date, and the studies which have been undertaken provide either contradictory or inconclusive evidence. Findings from few studies suggest that trade linkage is the most significant economic determinant of stock market interdependence (Chen and Zhang, 1997; Bracker et al., 1999; Pretorius, 2002; Beine et al., 2010 and Wälti, 2011) . In contradiction to these evidences, other studies argue that bilateral trade linkages between countries have no effect on their stock market linkages (Elyasiani et al., 1998; Gupta and Guidi, 2012) . Some empirical studies also attempt to investigate the stock market long-run relationship and direction of causality between Australia and its major trading partners. It is important to mention that these empirical studies have also brought mixed results (Roca, 1999; Shamsuddin and Kim, 2003; Hatemi-J and Roca, 2007; and Kazi, 2008) The primary motivation of this study is that previous studies which examine the degree and manner of interdependence between Australia and its trading partners have several flaws. For instance, these studies do not empirically test the relationship between stock market correlations and trade linkages, but conclude that trade either is important or is not important for stock market interdependence.
These studies also largely rely on the assumption that bilateral trade relations among the countries drive their stock market co-movements. None of these researchers has systematically analysed the short run dynamics in a time-varying framework of this interdependence, based on the AGDCC GARCH model. This model has the advantage of capturing the asymmetric and asset-specific news impact on correlations over time. In addition to these, it is also important to understand whether increasing economic integration among the countries have any effect on their stock market linkages. This knowledge is particularly important to policy makers and practitioners for taking appropriate economic policies and investment decisions, respectively. Thus, these unaddressed issues, contradictory evidences and its significance motivate us to undertake a systematic investigation between the stock markets of Australia and its trading partners.
This study therefore addresses this important gap in the context of Australia and its trading partners. We aim to investigate the extent and manner of stock market interdependence between Australia and its trading partners and examine whether this is affected by their trade intensity. Based on trade intensity, we classify Australia's trade partners into major (Japan, China and the USA), medium (Germany, Malaysia, Indonesia, Thailand and India) and minor (Sri Lanka, Greece and Portugal) 1 . We examine the long-run (cointegration) 2 relationship between the stock markets of Australia and its major, medium and minor trading partners using multivariate cointegration methodology. However, this is not the main focus of the study and it is only for our preliminary understanding of long-run relationship among these markets. Particularly, we estimate dynamic time-varying conditional correlations between the stock markets of Australia and its trading partners by employing AGDCC GARCH models. We then empirically examine the relationship between the stock market correlations and the intensity of bilateral trade linkages using panel regression models.
The results of this study have interesting findings. First, our preliminary results on stock market long-run relationship show that the Australian stock market is cointegrated only with its major trading partners. Second, the results on timevarying correlations indicate that an average Australian stock market has higher correlations with its major trading partners. Finally, panel regression results display that trade intensity significantly and positively affect the correlations of Australia with its major trading partners. Hence, the findings of this study confirm our hypothesis that trade intensity drives stock market interdependence between Australia and its trading partners. These findings contributes to the body of 1 Australia's bilateral trade linkage with its partners and a detailed discussion about the classification of the markets is provided in Section 3. 2 Cointegration is a statistical tool that measures the linear relationship between two non-stationary variables (Engle and Granger, 1987) . If we find a cointegration relationship between two or more variables, this implies that they share a common stochastic trend and move together in the long-run. knowledge on stock market interdependence and trade linkages in the context of Australia and its trading partners and also have important practical and policy implications. Knowledge of the linkage between Australian stock market and its trading partners would be helpful to Australian investors in their quest to find international diversification for their portfolios. This knowledge would also provide an indication of the contagion or spill over risks, and therefore would be important to policymakers in formulating strategies to contain these risks.
The rest of the paper is organized as follows: Section 2 presents the theory of stock market interdependence and intensity of bilateral trade linkage between Australia and its trading partners. Section 3 describes the econometric methodology which is used in this study to estimate time-varying correlations and to explore the relationship between trade linkages and return correlations. Section 4 documents the nature of data and preliminary statistics. Section 5 discusses the empirical results of the study, and finally, the conclusion and contributions of the study are presented in Section 6.
Literature Review
The issue of stock market integration has been of interest among academia, policy makers and practitioners for many years due to the significant effect it has on flow or reallocation of resources. Researchers have begun to explore whether economic integration (bilateral trade) between the countries has any impact on their stock market relationship. One stream of researchers argues that higher economic integration between countries can have substantial influence on their stock market correlations and cointegration relationships. While, othere stream of researchers argues that economic integration has no impact on their stock market relationship.
These findings indicate either contradictory or inconclusive. We therefore provide critical literature review on stock market interdependence and trade linkages.
Trade linkage and stock market interdependence: In general
A number of studies in the literature document that the bilateral trade linkages between countries can have significant influence on their stock market interdependence. For instance, the relationship between financial markets' interdependence and bilateral trade linkages in the Pacific basin markets is examined by Chen and Zhang (1997) . Their findings show that bilateral trade linkages between the countries have a significant influence on the stock market correlations. Authors document that the financial markets of countries which have stronger economic ties tend to move together. Bracker et al. (1999) report that macroeconomic factors such as trade, stock market size differential, real interest differential, geographic distance and time trend are significantly associated with the degree of stock market integration over time. Another study by Pretorius (2002) examines the determinants of stock market co-movements in ten emerging stock markets. This study uses both cross-section and time-series models for the empirical analysis and uses sample data from 1995 to 2000. The results of the cross-section analysis show that only the bilateral trade and the industrial production growth differentials are statistically significant variables for explaining stock market correlations. This study also finds similar results for time series analysis. A study by Johnson and Soenen (2003) shows evidence that higher trade linkage between the Latin America and the USA has strongly contributed for their stock market co-movement.
The direct foreign trade linkage between the countries has considerable influence on developing cross-country linkages and markets throughout the world (Forbes and Chinn, 2004) . Chambet and Gibson (2008) Wälti (2011) and Beine et al. (2010) argue that international trade is considered to promote synchronization of the business cycle across countries, which can then effect the degree of stock market interdependence. Some other studies argue that bilateral trade linkages between countries have no impact on the cointegration relationship of their stock markets. For example, a recent study by Gupta and Guidi (2012) investigates the long-run relationship between India and its major trading partners using the daily data on the closing price indices for the period of August 31 st , 1999 to June 17 th , 2009. Empirical results from the cointegration models suggest that there is no long-run relationship between India and its major trading partners. Similarly, Elyasiani et al. (1998) investigate the interdependence and association between Sri Lanka and its major trading partners. Their results reveal that these stock markets are segmented rather than being interdependent.
Trade linkage and stock market interdependence: In the context of Australia
Since last two decades researchers have begun to explore whether bilateral trade linkages between Australia and its trading partners have any impact on the interdependence of their stock markets. Some studies document that bilateral trade linkage among Australia and its trading partners have significant impact on their stock market co-dependence. For instance, Shamsuddin and Kim (2003) explore the long-run relationship between Australia and its two major trading partners, i.e., Japan and the USA, using weekly data. The empirical results of this study show that there was a long-run relationship between these markets up until the time of the Asian financial crisis. However, results suggest that following the crisis, there was no evidence of a cointegration relationship among these markets. Another study by Kazi (2008) investigates the long-run relationship between the stock markets of Australia and its major trading partners (the UK, the USA, Japan, Canada, Germany and France) using annual data from 1945 to 2002. The evidence from this study confirms the long-run relationship between Australia and its major trading partners.
However, some other studies find contradictory results. For example, a study by Roca (1999) explores the price linkages between the equity market of Australia and its major trading partners (the USA, the UK, Japan, Hong Kong, Singapore, Taiwan and Korea). This study uses weekly data from December 27 th 1974 to December 8 th 1995, and the findings show no evidence of a long-run relationship between Australia and its trading partners. Similarly, Hatemi-J and Roca (2007) investigate the equity market interactions between Australia and its major trading partners (Japan, the USA, the UK, Hong Kong, Singapore Taiwan 
Bilateral trade
A number of studies in the literature argue that international trade is believed to foster business cycle synchronization across the countries, and therefore affect the level of their stock market interdependence (Wälti, 2011; and Beine et al., 2010) . A study by Wälti (2011) provides an interesting argument that the effect of bilateral trade operates through both the demand and supply side of economies. On the demand side, an increase in aggregate demand of country X will lead to more imports from country Y, thus increasing the output of country Y, which induces business cycle synchronization across the countries. On the supply side, the author argues that the influence of international trade may be ambiguous, as it depends on the nature of the various countries and their industrial structures. Another study by Pretorius (2002) argues that through the exports and imports of goods and services between two countries can have significant influence on their stock market comovements.
In this study, we measure the intensity of bilateral trade linkage between Australia and its trading partners using the following approach:
Where ij Z indicates the intensity of bilateral trade linkage of country i with country j and t is the time period, ij X indicates total exports from country i to country j while ij M shows total imports of country i from country j and
denotes total exports and imports of country i . 
Intensity of trade linkage between Australia and its trading partners

Methodology
The aim of this study is to examine the extent and manner of stock market interdependence between Australia and its trading partners and examine whether this is affected by trade intensity. For our preliminary understanding of stock market linkage, we explore the long-run relationship between Australia and its major, medium and minor trading partners, using the multivariate cointegration methodology 4 . As shown in Figure 1 , we first estimate time-varying dynamic conditional correlations between these markets using the AGDCC GARCH approach. Finally, in order to investigate whether trade intensity is significantly affecting stock market correlations, we employ panel regression models.
[Insert Fig.1 Here]
Asymmetric Generalized DCC GARCH Model
To examine the time dynamics in the correlations of pairwise stock returns (Australia and each of its trading partners) we use the asymmetric generalized dynamic conditional correlation (AGDCC) GARCH model. The results of this model will convey whether stock markets are becoming more or less interdependent over time. The higher the correlations between the markets, then the lower will be the diversification opportunities for investors and vice versa. This methodology was initiated by Engle (2002) , who was the first author to introduce a new class of M-GARCH model, which is known as DCC-GARCH. This is an important model for measuring the time dynamics in correlations. However, to allow for series-specific news impact and conditional asymmetries in correlations, we use the modified version of the DCC model i.e. the AGDCC GARCH of Cappiello et al. (2006) 5 . This AGDCC GARCH model is also a better model for capturing the heterogeneity that is present in the data series. This model can be represented through the following equation:
Where Q is the correlation matrix; B A, and G are k x k parameter matrices, and
, [.] (I is a k x 1 indicator function which takes the value of 1 if the argument is true and otherwise 0, while " "o indicating Hadamard product),
. If the matrices of 
Panel regression model
To empirically examine the relationship between bilateral trade linkages and stock market correlations of Australia and its major, medium and minor trading partners, we utilize panel regression models. For this purpose, we use the conditional correlations of the stock returns of Australia and its trading partners as the dependent variable, and the bilateral trade intensity as an independent variable.
More specifically, we construct panel data for Australia's major, medium and minor trading partners separately. This is to identify whether higher trade intensity is significant for stock market interdependence. Further, in the analysis we also use two control variables which are exchange rates (local currency against the Australian dollar) and inflation differentials (calculated based on CPI) and two dummy (1 fro crisis and otherwise 0) variables to represent the AFC (Asian financial crisis) and GFC (global financial crisis). The panel regression model is described as follows:
where Corr is the conditional correlations of the pairwise stock market returns; C is the constant variable; 
Hypothesis
Based on the review of the theoretical and empirical literature that we have conducted, the majority of the studies indicate that trade linkage significantly affects stock market linkages. Hence, we hypothesise that markets with greater (lower) trade intensity will be more (less) interdependent with Australia. In this regard, we expect that Australia would be cointegrated and highly correlated with its major trading partners and that trade intensity would have a statistically significant impact on the correlations between Australia and its major trading partners.
Data and preliminary analysis
Data
To investigate the long-run equilibrium relationship and dynamic time-varying conditional correlations we use weekly (Wednesday) 6 closing price data on MSCI indices for Australia, Japan, China, the USA, Germany, Malaysia, Indonesia, Thailand, India, Sri Lanka, Greece and Portugal for the period from January 6 th , 1993 to April 23 rd , 2014 7 . The selected indices for this study are denominated in local currency 8 to avoid the problems associated with exchange rate fluctuations.
There are also several other advantages to use data in local currency instead of a common currency. For instance, Mink (2010) argues that stock price data in the local currency can truly reflect the supply and demand forces that are present in that national stock market. Further, the author suggests that by converting data into a common currency (e.g. the Australian dollar) we may miss out on the true picture of the stock market dynamics, and hence it would be inappropriate to do this. In addition, when stock returns are converted into a common currency. The results are significantly driven by exchange rate fluctuations which then contribute to biased results.
6 We select week day as a Wednesday to avoid beginning of the week effect and end of the week affect on stock prices. 7 Weekly data causes fewer problems because of the non-synchronous trading and short-term correlations due to noise. Therefore, in this study we use weekly closing price data for the empirical analysis. The selection of the sample size is based on the availability of data. 8 Several studies in the literature use local currency denominated stock price indices for measuring stock market integration and to investigate the affect of economic integration on the stock market interdependence, e.g. Bracker, et al. (1999) , Phylaktis and Ravazzolo (2002) and etc.
Similarly, Mierau and Mink (2013) argue a practical possibility that when two non-synchronous stock returns are changed into a common currency, and if both currencies at the same time appreciate or depreciate against this common currency, this will then indicate that the stock returns are seem to be synchronous, while in reality they are not. Therefore, authors suggest that to avoid these problems, it would be a good idea to use the returns in local currency to focus on correlations across the markets, rather than across currencies. The data on above indices are collected from DataStream. For our empirical analysis all the indices data are converted into natural logarithms.
To investigate whether the intensity of bilateral trade linkages matters for stock market interdependence, we constructed panel data for Australia's major, medium and minor trading partners separately which will suggest whether higher trade linkage between countries has an effect on their stock market correlations. The last month of each quarter data is used for intensity of bilateral trade, exchange rates and inflation differentials in the analysis. To avoid model misspecification, we have used exchange rates and inflation differential variables as the control variables in the models. 10 The AFC period is considered to be from the 4 th quarter of 1997 to the 4 th quarter of 1998 while the GFC period is considered to be from the 4 th quarter of 2007 to the 1 st quarter of 2009. The selection of the crises periods is based on the closing stock price index movements. For instance, we consider the start of the crisis period to occur when the majority of the indices start declining and we treat the end of crisis period as being when the majority of the indices starting rising. values. The results of the Jarque-Bera test for normality show that the null 11 We collected exchange rates data on local currency against the US dollar from IFS, and then we converted these data into local currency against the Australian dollar, since our focus is on Australia and its trading partners. 12 Since correlations and inflation differentials are in percentages, while the intensity of bilateral trade is in proportion to total trade, therefore we have not converted these variables into natural logarithms. 13 Returns are calculated using natural log of continuously compounded rates of returns for all the indices. 14 Mean returns are multiplied by 100.
Preliminary statistics
hypothesis of normal distribution is rejected at a 5% significance level for all the indices, which indicates that the return series are not normally distributed 15 .
[Insert Table 2 Here] Table 3 presents the results of unit root (ADF and PP) tests. The results of ADF and PP tests suggest that the null hypothesis of unit root is not rejected for the log prices at levels. We then apply unit root tests on the log first differences and the null hypothesis of a non-stationarity is rejected at 5% significance levels for all the indices. This therefore indicates that all the indices have the same order of integration, i.e., I (1). Hence, these results suggest that there may be a long-run relationship between Australia and its trading partners.
[Insert Table 3 Here]
Analysis of long-run equilibrium relationship between the stock markets
We test the cointegration or long-run equilibrium relationship between the stock markets of Australia and its major, medium and minor trading partners using the natural log of weekly closing price indices data. (2008); Shamsuddin and Kim (2003) who found a long-run relationship between Australia and its major trading partners. Although, our approach is significantly different from these previous studies, for example, we have used more than 20 years data and we have classified markets into major, medium and minor based on the intensity of trade linkage with Australia.
Therefore, our study results are more robust than previous studies.
[Insert Table 4 Here]
Empirical results
In this section, we provide the empirical results of the study. First, we examine the degree of interdependence between the stock markets of Australia and its major, medium and minor trading partners using correlation analyses based on unconditional and conditional models (using AGDCC GARCH models). We then investigate the impact of bilateral trade intensity on the stock market correlations of Australia and its trading partners by employing panel regression models. The empirical results of these models are presented and discussed in the following subsections.
Overview of stock market linkage between Australia and its trading partners based on unconditional correlations
We first provide an overview of the stock market linkage between Australia and its trading partners using the natural log of continuously compounded rates of returns. Australian stock market has higher correlations with Germany (0.59), the USA (0.58) and Japan (0.541) and has lower correlation with Sri Lanka (0.123). These unconditional correlation results suggest that the Australian stock market, largely, has higher correlations with its major trading partners and has lower correlations with minor trading partners. We further investigate the significance of these unconditional correlations and found that all the correlations are statistically significant at 1% level. Given the limitations of unconditional correlations, we undertake further rigorous analysis. In this regard, we conduct cointegration and DCC analyses between the stock markets of Australia and its trading partners. The results of these models are presented in the following section.
[Insert Table 5 Here]
Stock market linkages based on conditional correlations
The dynamic time-varying interdependence between the stock markets of Australia and its trading partners is explored using conditional correlation models. We applied AGDCC GARCH model, based on Cappiello et al. (2006) , which uses a two-step estimation procedure. As shown in the descriptive statistics, the data is characterised by non-normalities and hence, the use of a GARCH-based model would be advantageous. This AGDCC model stands out from all other DCC models as being a robust model to capture time dynamics in the return correlations, as it incorporates the asset-specific news and asymmetries in the analysis. The purpose of measuring the time-varying correlations is to understand the degree of linkage between the stock markets of Australia and its trading partners over time.
Further, with this analysis we can identify the impact of Asian and global financial crises on stock market correlations. This is also an important issue to research because it has not been addressed in the previous studies which have explored the stock market linkage between Australia and its trading partners. Table 6 reports the conditional correlations of the Australian stock market with its major, medium and minor trading partners. These correlations confirm that Australia has higher correlations (0.494) with its major trading partners (as a group) and has lower correlations (0.287) with its minor trading partners (as a group). We also present Australia's average conditional correlations with each of its trading partners. This indicates that, on average, Australia has higher correlations with Germany (0.573), the USA (0.549), Japan (0.498) and China (0.437) while its lowest correlation is with Sri Lanka (0.110).
Further, in Figure 2 we present Australia's time-varying conditional correlations with each of its trading partners. These graphs show that Australian stock market correlations with all of its trading partners are time-varying and are mostly increasing over time period with the exception of Germany, Sri Lanka and Portugal, where correlations are almost stagnant. These correlations also indicate that the impact of the AFC on stock market correlations is almost negligible.
However, the recent GFC has had a significant influence on stock market correlations, with the exception of that of Sri Lanka. This has resulted in higher stock market interdependence during the period of the GFC. Our analysis further suggests that, following the GFC, correlations between the Australian stock market and its trading partners have substantially declined. However, in most cases correlations are still higher than during the pre-GFC period. These pairwise conditional correlations give an indication that the Australian stock market correlations with its trading partners may have been driven by their bilateral trade linkages, as the results show that, on the whole, Australia has higher correlations with its major trading partners. Hence, we accept the hypothesis that higher trade linkages lead to higher stock market interdependence. However, to confirm this empirically, we test this hypothesis using the panel regression models, and the results are presented in the next section.
[Insert Table 6 Here]
[Insert Figure 2 Here]
The empirical relationship between bilateral trade and stock market correlations
The aim of this section is to empirically investigate the relationship between the intensity of bilateral trade linkages and stock market correlations of Australia and its trading partners using panel regression models. To avoid model misspecification, we use two control variables in the analysis, and these are exchange rates and inflation differentials. In order to identify the impact of the financial crises on stock market correlations we have used two dummy variables that represent the AFC and the GFC. The panel regression analysis is carried out separately for major, medium and minor trading partners. The empirical results of these panel regression models are reported in Table 7 17 .
[Insert Table 7 Here]
As the panel regression results show, the intensity of the bilateral trade linkages between Australia and its major trading partners has significant influence on their stock market correlations. These results indicate that if one unit of bilateral trade linkage increases between Australia and its major trading partners, then their stock market correlations will increase by about 93% of it. Further, our analysis shows that the GFC also has substantial impact on the correlations of Australia and its major trading partner markets. The panel regression results of medium trading partners show that the intensity of bilateral trade linkages has no effect on their stock market correlations. However, the results show that both the AFC and the GFC have significant influence on these stock market correlations. In the case of minor trading partners, none of the variables is statistically significant.
Our panel regression analysis confirms our hypothesis that trade intensity drives stock market interdependence between Australia and its trading partners. Our study results are similar to those of Chen and Zhang (1997); Pretorius (2002) ; Forbes and Chinn (2004) ; Chambet and Gibson (2008); and Tavares (2009) who argue that bilateral trade linkages between countries can significantly increase their stock market interdependence. However, our study is different from previous studies as we argue that having modest or weak trade linkages (our classification of markets into major, medium and minor) between countries has no effect on their stock market correlations.
Conclusion
The issue of stock market integration has been of interest among the policy makers, practitioners and academia for many years due to the effect it has on the flow of resources. There are several studies examined the stock market integration.
Although, only few studies explored what economic fundamentals determine stock market linkages. Evidence from these studies is either contradictory or inconclusive. For instance, some studies argue that trade linkage is the most significant economic determinant of stock market co-movements; while other studies document that trade relations have no effect on stock market linkages. In the context of Australia and its trading partners also we found mixed results.
This therefore motivates us to systematically investigate the extent and manner of co-movement or interdependence between the stock markets of Australia and its trading partners by taking into account the intensity of their trade linkages. We hypothesise that markets with greater (lower) trade intensity will be more ( In spite of that, our study is significantly different from previous studies as we adopted different approaches. For example, 1) the previous studies concluded that trading partners have higher stock market interdependence but have not clearly distinguished trading partners such as; major, medium and minor. This study addresses this gap by classifying markets into major, medium and minor based on the intensity of their trade linkage.
2) The previous studies have not used the AGDCC GARCH model to measure time-varying correlations, and we find that this is a robust model for estimating correlations as it incorporates asymmetries and asset-specific news impact on the correlations. 3) Further, in this study we use a large data set which covers more than 20 years, which significantly improve the reliability of the results. Given the advantages of our study, these results make important contributions to the body of knowledge and are also valuable for policy makers and portfolio managers. From the standpoint of policy makers, these results
give a good understanding of trade linkage and stock market interdependence. The understanding of return correlations among the markets is important for portfolio managers when making appropriate decisions about diversification of their portfolios into other markets for higher risk-adjusted returns. Note: The summary statistics are calculated using log returns. The mean returns are multiplied with 100. '**' denotes the rejection of null hypothesis of normal distribution at 5% significance level. Note: All the unit root tests regression models are estimating using constant and trend variables. '**' denotes rejection of null hypothesis of unit root (non-stationary) at 5% significance level. Note: '**' denotes rejection of null hypothesis of no cointegration at 5% significance level.
